The concentration of a pyridine nucleosidase which cleaves the nicotinamide-ribose bond in NAD and related compounds was assayed using the cyanide addition reaction in semen samples collected by artificial vagina from 246 bulls. Among the 205 sires of recognized dairy breeds the nucleosidase concentration ranged from 0 to 1470 units/ml semen. Of the dairy sires 18 % produced semen containing no nucleosidase activity. Among the 41 sires of recognized beef breeds 54 % had no nucleosidase and the highest concentration was 630 units/ml semen.
Introduction
Bovine seminal plasma contains high concentrations of extracellular pyridine nucleosidase produced by the seminal vesicles (Leone and Bonaduce 1959; AbdelLatif and Alivisatos 1962) . The enzyme destroys most of the oxidized pyridine nucleotide coenzymes measured in washed epididymal sperm within 1 min of ejaculation (Bistocchi et al. 1968) . These coenzymes are important for the maintenance of motility and the metabolism of spermatazoa (Brookes and Mann 1971) . Our experiments were designed to study possible sire and breed differences in the concentration of pyridine nucleosidase and to relate these to sperm metabolism and conception rates. Differences in enzyme concentration in sires of different breeds are considered in this paper.
Materials and Methods

Collection and Storage of Semen Samples
Semen was collected by artificial vagina from 246 sires at the New Zealand Dairy Board's Newstead or Awahuri Artificial Breeding Centres. Their ages ranged from 1· 5 to 12 years and comprised dairy (11 Ayrshire, 93 Friesian and 101 Jersey) and beef sires (17 Polled Hereford, 8 Charolais, 5 Simmental and 1 Murray Grey). All sires were familiar with this form of semen collection and collections of abnormal semen quality were discarded. Only 20 sires from which semen was routinely collected once or twice every 3 days were repetitively sampled. The other sires were sampled following varied periods of sexual rest. Among the Friesan and Jersey bulls were 18 sires which each had from 4 to 16 sons with assayed semen samples.
Usually within 5 min of ejaculation, O' 05 ml of the semen was added to 4· 95 ml of cold 2· 0 % sodium citrate solution. Most samples were stored at -10°C for up to 3 months.
Analytical Methods
The NAD used as substrate to determine enzyme activity (B.D.H. Chemicals Ltd.) had a stated spectrophotometric purity of at least 90 % on each 500 mg vial. The NAD was prepared in 100 pmol quantities dissolved in 10ml of 2'0% sodium citrate adjusted to pH 7 with citric acid. This solution was refrigerated at 3°C and used within 2 days of preparation.
One millilitre of the filtrate (Whatman No.1) from a thawed semen sample was warmed to 36°C. The 1 pmol of NAD was added (0'1 m!) and the mixed sample incubated for 10 min. Enzyme activity was terminated by the addition of 9 ml of 1M NaCN solution. The semen filtrate-NADcyanide mixture was cooled and optical density measured at 327 nm using a blank prepared by mixing the 1M NaCN and 2'0% sodium citrate solutions (9:1) (Ciotti and Kaplan 1957) . A standard sample containing 1 pmol of NAD and 1 ml of 2· 0 % sodium citrate was simultaneously incubated and cyanide solution added with each group of semen samples. For semen samples with high concentrations of nucleosidase the volume of filtrate was reduced to O· 5, 0·25 or 0·1 ml so that from 0·15 to O' 35 pmol of NAD was destroyed during the 10 min incubation in all samples containing the enzyme. The amount of NAD was used to calculate the concentration of enzyme activity expressed as enzyme units per millilitre of whole semen. A unit is the amount of enzyme which would destroy 1 pmol of NAD in 1 h when incubated at 36°C (Zatman et al. 1953) .
At the outset of the experiment this assay procedure was used to repeatedly measure the concentration of the seminal nucleosidase in selected semen samples to determine the reliability of a single estimate of enzyme concentration in a single sample of semen, operator reliability, enzymesubstrate interactions and the effects of prolonged storage at -10°C and 24 h storage at I-3°C. Samples of the semen filtrates containing differing enzyme concentrations were also mixed to show that these differences were not due to enzyme inactivation or inhibition. 
Results
An analysis of variance showed that the nucleosidase concentration of a semen sample did not alter significantly if the ejaculate was sampled within 3 h of collection, or if the diluted sample was stored at 1-3°e for 24 h, or at -lOoe for up to 3 months (P > 0 '25). The residual standard error for the semen samples from each of four bulls SUbjected to these repeated samplings was ± 16 units of enzyme/m1 semen.
There were significant differences in the average concentration of the nucleosidal>e in semen from 20 sires each providing 5-17 semen samples (P < 0·01; Table 1 ). However, the between ejaculate variation in enzyme concentration also differed between sires, tending to increase with increasing average enzyme concentration. Four sires (F2, F3, F4 ~nd J8) each had first and second ejaculates collected on at least five occasions. The average enzyme concentration was higher in second services, but with F4 and J8 there were significant differences in the average enzyme concentration between collection days (P < 0·05).
The semen of sires which did not contain nucleosidase was not a reflection of enzyme inactivation or inhibition. A series of assays were performed in which 0·75 m1 of the diluted semen filtrate (0·05 ml of semen in 5·0 ml of 2·0% sodium citrate) from bulls with no enzyme was added to 0·25 ml of the semen filtrate from bulls with approximately 600 units of nucleosidase/ml. The amount of NAD destroyed by this composite sample during the 10 min incubation was identical to that obtained by using 0·75 ml of 2·0% sodium citrate with the 0·25 ml of semen filtrate containing the enzyme.
The distributions and ranges in nucleosidase concentration among the Friesian, Jersey and Ayrshire sires were similar and the results for these 205 dairy sires have been combined (Fig. la) . In 18 % of these sires nucleosidase activity could not be detected in the semen. Among the remaining 82 % there was a discontinuous distribution. The 41 sires were not sufficient to make comparisons between the five beef breeds. The maximum concentration of seminal nucleosidase among these bulls was 630 units/ml (one Polled Hereford and one Simmental). In contrast to the results for the dairy sires, semen from 54 % of the beef sires contained no nucleosidase (Fig. lb) .
Among the 18 Jersey and Friesian sires with from 4 to 16 sons for which data were recorded, the sires and sons were broadly classified into five categories: bulls with semen containing no enzyme activity; 100-550 units; 551-850 units; 851-1199 units; and at least 1200 units nucleosidase/ml. The results in Table 2 indicate that the concentration of nucleosidase is inherited. Sires with no seminal nucleosidase tended to produce sons with either no nucleosidase or low concentrations of nucleosidase. 
Discussion
The purified nucleosidase in bull semen destroys NAD by cleaving the nicotinamide-ribose bond and has a similar action with NADP and nicotinamide mononucleotide.(Abdel-Latif and Alivisatos 1962). Other seminal enzymes also react with NAD (Mann 1964) but none act at the same site as the nucleosidase. Our assay using the cyanide addition reaction was not specific for NAD as the millimolar extinction coefficient of this reaction is similar for NADP, nicotinamide mononucleotide and other molecules possessing the nicotinamide-riboside structure (Ciotti and Kaplan 1957) . Previous studies have concluded that bull semen contains two nucleosidasesan NADase and an NADPase (Leone and Bonaduce 1959; Abdel-Latif and Alivisatos 1962) . Concurrent studies in our laboratory do not support this conclusion (Giles and Macmillan 1975) .
Although Abdel-Latif and Alivisatos (1962) noted that the concentration of seminal nucleosidase varied from 200 to 500 units/ml, only Hathaway and Chamberlain (1970) have recorded a result in which semen from one bull contained none of this enzyme. Our results show that the enzyme concentration can range from zero to 1470 units/ml (Fig. la) . The results in Table 1 show that there are significant differences in the concentration of the nucleosidase in the semen produced by different sires. The amount of variation in enzyme concentration between ejaculates from a single sire is related to the average enzyme concentration for that sire. This variation will be related to the amount of nucleosidase released by the seminal vesicles at ejaculation as these glands are the enzyme source (Leone and Bonaduce 1959) . We found no nucleosidase activity in the supernatant of centrifuged samples of semen flushed from the vas deferens and cauda epididymidis of slaughtered bulls. This type of variation in seminal vesicular contribution to an ejaculate has also been recorded for fructose. Between ejaculateswithin sire variance in fructose concentration was almost as high as between sire variance (Seidel and Foote 1973) . Among the four sires from which first and second ejaculates were sampled on from 5 to 8 days, the average nucleosidase concentrations were from 6 to 33 % higher in second ejaculates. The significant differences between collection days found in the two sires with average concentrations of 514 and 1259 enzyme units (F4 and J8, Table 1 ) may reflect effects produced by sexual rest or sexual arousal at the time of collection. Correlation coefficients between nucleosidase concentration and fructose concentration, sperm concentration or semen volume were neither significant nor consistent. However, the correlation between fructose and citric acid concentrations in bull semen is only 0'36, even though both constituents are primarily produced by the seminal vesicles (Kirton et al. 1964) .
The results for the 205 sires of recognized dairy breeds show that among the 169 bulls possessing measurable quantities of seminal nucleosidase there are marked differences in enzyme concentration (Fig. 1a) . The groups of animals at each of several ranges of concentration may indicate a simple form of Mendelian inheritance with the number of genes promoting enzyme production possessed by an animal having an additive effect. Because of the greater between ejaculate variation recorded for sires with higher concentrations of nucleosidase, the estimates of enzyme activity from assaying a single semen sample would be less precise in defining the average nucleosidase level for each of these sires. However, the results in Table 2 show a distinct trend. Sires with no nucleosidase activity produced more sons with no activity or relatively low concentrations of nucleosidase than sires with higher levels of the enzyme.
Although the numbers of sires sampled from each of the five beef breeds were comparatively small, the incidence of sires with no enzyme was significantly higher than among the dairy sires (54 v. 18%; P < 0·01) and the highest enzyme concentration was only 630 units/ml (Fig. 1b) . Unfortunately the 205 dairy bulls sampled and the single estimate obtained from most of these bulls were insufficient to allow gene frequencies to be accurately estimated. Most of the 18 sires in the sire-son comparison were classified on results from at least five semen samples per sire.
The results of these investigations suggest that measuring between bull differences in semen constituents, particularly enzymes, may be a suitable method for studying gene expression in cattle. Shannon and Searle (1962) found that the heritability of conception rate based on the sire-son regression was O· 55. This high degree of inheritance may reflect the effect of a simply inherited seminal plasma constituent which influences in vitro or in utero sperm metabolism or both. Macmillan (1973) concluded that sire differences in conception rate primarily involved variation in the duration of post-insemination sperm liveability. Bistocchi et al. (1968) showed that after 4 h incubation at 37°C ejaculated bull sperm contained less than 2 Jlmol of total nucleotides per 10 9 sperm compared to at least 10 Jlmol in incubated epididymal sperm. This difference in concentration largely arose through the destruction of most of the nucleotides measured in epididymal sperm by the nucleosidase, this effect occurring within 1 min of ejaculation. If the nucleotide concentration was important for the sperm metabolism and motility, then the action of the seminal nucleosidase could produce sire differences in the suitability of their semen for storage and insemination.
